PATIENTS AND METHODS

Patient population
The records of the senior author (CRH) at the Division of Neurosurgery, University of British Columbia, were retrospectively reviewed for the surgical treatment of TN between the years 1996-2000. There were 86 patients treated for TN. Among them, 13 (15%) were diagnosed with clinically definite MS according to the criteria defined by Poser. 8 Of these patients, three (23 %) were male and ten (77 %) were female. The youngest patient was 41 and the oldest was 75 years old (mean age: 54 years). The age at diagnosis of MS among the patients was 41 ± 11 years (mean ± standard deviation). The age of onset for TN amongst these patients was 49 ± 13 years (mean ± standard deviation). Trigeminal neuralgia usually started after the diagnosis of MS, but in two patients TN was the first presenting symptom that eventually led to the diagnosis of MS. The diagnosis of TN was made clinically. Patients described short stabbing or electric pain localized within the trigeminal dermatome. The pain was often triggered by touch (eating, brushing teeth, talking). Between the painful episodes, the patient was pain-free (i.e. it was not a continuous burning dysesthesia). The onset of pain was not associated with dental trauma or a herpetic rash. Although the typical quality of pain was sharp or electrical, a few patients also described initial sharp pain which had then evolved into a more burning quality.
Six patients had right sided pain, four had left sided pain and three (23%) had bilateral pain. The bilateral cases were considered as two different cases (total n=16) since they occurred and were managed at separate surgical sessions. None of the patients had pain in the first division, five (31%) had pain in the second division, seven (44%) had pain in the third division and four (25%) had pain both in the second and third divisions.
Patient selection criteria
All the patients included in the study had been diagnosed with clinically definite MS by a neurologist. Patients were referred for surgery if their medications (e.g. carbamazepine, phenytoin, gabapentin, and/or baclofen) failed to relieve pain or produced intolerable side effects. All patients had CT and/or MRI scans to exclude any other intracranial pathology that might be causing symptomatic TN. All the TN patients with MS were offered percutaneous radiofrequency rhizotomy as the surgical treatment of choice.
Surgical technique
All procedures were done under neuroleptanesthesia using intravenous pulses of propofol (Abbott, Montreal, QC) under the supervision of an anesthesiologist. The foramen ovale was punctured as previously described using flouroscopic guidance in the lateral and submentovertical projections. 9 The anteroposterior location of the foramen was often found at the junction of the clivus and petrous apex on lateral x-ray projection. After the foramen was passed, the stylet was replaced with the lesioning electrode (either the Rosomoff cordotomy type, or Tew kit, straight or curved; 5mm open tip, Radionics Inc., Burlington, MA). The final position of the electrode was manipulated to produce paresthesia in the affected division(s) of the trigeminal nerve with stimulation (0-0.02V, 1msec, 50Hz). Once the localization was confirmed, lesions were made at 65 -70 o C or 80-110 mA for 60 seconds. Following each lesion, the patients were tested for hypalgesia in the desired territory. Our ideal endpoint was reached when patients could feel the touch of a pinprick but could not determine if it was sharp or dull. The patients were usually discharged on the same day. Patients were weaned off their pain medications during the postoperative period.
RESULTS
A timeline depicting each patient's pain and procedures is presented in the Figure. The mean follow-up from the time of the first rhizotomy was 52 months (range: 24-84 months). Each side of the bilateral TN cases was considered as a separate case to calculate a procedural recurrence rate of 50% (26 procedures/13 patients) at some point during their follow-up. This relatively high rate of recurrence may partially be due to the fact that MS is a progressive disease and pain cured in one division may reappear in another. Two patients had 'a recurrence' of their neuralgia on the same side of the face but in a different division. (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) The pain for each patient is shown over time (1989 -2003 The pain in the original division was well-controlled throughout follow-up. In those patients who initially obtained complete pain relief following their rhizotomy but later had a recurrence in the same location, the mean time for recurrence was 30 months.
Eight cases were managed with a single rhizotomy. Complete pain relief with discontinuation of all medications was achieved in seven cases. One patient in this group required a lower dose of their antineuralgic medication to remain pain-free. A second procedure was needed to control the pain in six cases. In this group, five patients were able to remain off all medications. A third procedure was needed to control pain in two cases, of which one did not require any medications during the postoperative period. We were, therefore, able to achieve complete pain relief without any need for postoperative medication in 13/16 cases (81%). Complete pain relief (with any number of procedures) requiring some postoperative medication was achieved in the remaining three cases (19%). Complete pain relief, either with or without antineuralgic medication, was therefore achieved in 100% of patients with TN due to MS using percutaneous radiofrequency rhizotomy. There were no complications of the procedure (e.g. anesthesia dolorosa, corneal ulceration, inability to chew). The facial numbness created by this procedure appears to be well-tolerated in this cohort. Patients typically no longer notice the numbness after a few months.
DISCUSSION
The Canadian collaborative study involving 15,504 patients quoted the prevalence of MS at 100 per 100,000. 10 This is higher than the average figures for most parts of the world. 11 The clinical association of TN with MS is well-known. Patients with MS develop TN with an average incidence of 2%. [2] [3] [4] [5] There are many hypotheses regarding the pathophysiology of TN in MS. 12 Demyelination could result in increased excitability of the trigeminal caudalis nucleus although this has not been confirmed pathologically. 4, 13 Demyelination of the trigeminal nerve could result in ephaptic transmission.
14 In our surgical TN series, 15% (13/86 patients) of the patients with TN had MS. In a similar tertiary setting, Sweet reported comparable rates with 16% of his TN patients with MS. 15 The age of onset of TN in MS is the same or slightly younger than for idiopathic TN (except when TN is the only or presenting symptom that leads to the diagnosis of MS). 5 The mean age of our patients was 54 years. They developed TN an average of eight years after their diagnosis of MS. In two of our patients, however, pain was the presenting symptom that led to the diagnosis of MS. In standard neurological practice, almost all the patients with TN (regardless of etiology) are first managed with either one or a combination of medications such as carbamazepine, gabapentin, phenytoin, or baclofen. Patients with MS, however, are especially prone to develop drug intolerance such as sedation or exacerbation of other MS symptoms. 16 There is a perception that percutaneous rhizotomy should be reserved as a very last resort for the treatment of TN in patients with MS. We would argue that it should be considered sooner. Patients do not necessarily have to put up with medication side effects to be pain-free. In our experience, rhizotomy is safe and effective. Patients often report that they are as happy to be off their antineuralgic medications as they are to be pain-free.
Bilateral cases of TN are always more challenging and their management more controversial. 17 This also applies to the patients with TN and MS. Bilateral TN is significantly more common in MS patients (18%) when compared to the normal population (5%). 2, 4, 5, 18 As bilateral lesioning of the trigeminal ganglion may cause severe difficulty in chewing, eating and swallowing due to masseter paralysis and loss of tactile sensation in the mouth, milder lesioning of the ganglion is advised. 2, 18 As a precaution, it is preferable to manage those cases with sequential, not simultaneous, surgical sessions. 5, 17 We had three bilateral cases in our series that were managed successfully this way.
Although the surgical treatment for idiopathic TN remains controversial, we advocate percutaneous rhizotomy for those with MS. 6, 7 There are reports of success following microvascular decompression 2 but in cases of spontaneous demyelination unrelated to a vascular compression, this more invasive approach may fail. [19] [20] [21] We have favoured radiofrequency lesioning because our experience suggests that the location and extent of the lesion can be more precisely controlled than with glycerol or balloon compression. Reports of radiosurgery for trigeminal neuralgia are increasing although the benefit may be delayed and there is little information on how patients with MS tolerate this treatment.
Percutaneous radiofrequency rhizotomy has proven to be safe and effective in large series of idiopathic TN. 22, 23 "Complete success" with a percutaneous rhizotomy procedure should mean a pain-free patient off all pain medication. Our complete success rate with MS patients (81%) was comparable to those quoted in literature both for idiopathic and MS related cases. 5, 21, 22 Patients with MS do not appear to have a higher complication rate following rhizotomy 5 and there were no complications in our series. None of our patients developed anesthesia dolorosa, difficulty chewing, corneal complications, painful dysesthesia, or intolerance of their facial numbness. Pain can occasionally take longer to disappear postoperatively in MS patients. We therefore recommend a slow taper of their antineuralgic medications.
We found a high proportion (15%) of our patients with TN had MS. The occurrence of TN in young patients or bilaterally should prompt an investigation for MS. Neurologists may wish to consider rhizotomy earlier for their TN patients with MS because this cohort has an especial poor tolerance to their antineuralgic medications. Percutaneous radiofrequency rhizotomy was an effective method of pain control in our series. Satisfactory pain control was achieved in all patients and all antineuralgic medications were discontinued 81%.
